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Abstract

Researchers estimate hydraulic properties by indirect methods using various procedures. The
objective of this study was to evaluate the effect of using the free swelling index as an estimator to
improve the precision of soil moisture curve (SMC) estimation. In this study, 147 soil samples were
taken from West Azarbaijan, East Azarbaijan, Mazandaran, Hamedan and Kermanshah provinces,
and their particle size distribution, bulk density, free swelling index, cation exchange capacity and
SMC were determined. Then, the Groenevelt & Grant’s model was fitted to the experimental data
of SMC. Free swelling index and other variables were used as estimators to predict the parameters
of Groenevelt & Grant’s model by multiple regression method. All samples were divided into
several groups based on textural classes and SMC was estimated for them in four steps. Grouping
the data improved the estimation of SMC. In soil textural groups of the numbers 3 (silty clay loam
and clay loam classes), 7 (sandy loam class) and 8 (sand, loamy sand and sandy loam) the IRMSE
and AIC values were decreased from 0.07 and 77.85 to 0.06 and 72.28, from 0.05 and 1.63 to 0.04
and -61.78 and from 0.06 and 86.11 to 0.05 and 2.97, respectively. Therefore, using the free
swelling index as an estimator, significantly improved the estimates of SMC through the Groenevelt
and Grant’s model.

Keywords: Cation exchange capacity, Groenevelt and Grant’s model, Pedotransfer functions
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09,8 Ju adalas Jae Zadalas
K ! )
eols Owp-1 Ouwp= -0.1xSilt/Sand+0.57xClay?-0.17xBD?-0.01 Owp-3 Ouwp= -0.09xSilt/Sand+0.41xClay?-0.02xBD3+0.46xCEC*-0.008
Ki-1 Ki= 0.18xSilt/Sand-0.1xClay?-0.2xBD?3-0.13 Ki-3 Ki= 0.19xSilt/Sand-0.18xClay?-0.17xBD?%+0.14xCEC*-0.11
Ko-1 Ko= -0.08xSilt/Sand+0.17xClay?+0.06xBD%+0.008 Ko-3 Ko= -0.08xSilt/Sand+0.16xClay?+0.07xBD?+0.02xCEC*+0.008
n-1 n= -0.03xSilt/Sand-0.16xClay?+0.01xBD3-0.04 n-3 n=-0.05xSilt/Sand-0.07xClay?-0.04xBD3-0.2xCEC*-0.05
Owp-2 Owp= -0.09xSilt/Sand+0.53xClay?-0.16xBD%+0.21xFSI* -0.02 Owp-4 Owp= 0.01+0.61xFSI -0.08xFSI °
Ki-2 Ki= 0.18xSilt/Sand-0.13xClay?-0.2xBD%+0.12xFS|*-0.13 Ki-4 Ki=-0.12+0.18xFSI -0.01xFSI®
Ko-2 Ko= -0.08xSilt/Sand+0.18xClay?+0.06xBD3-0.05xFSI* +0.01 Ko-4 Ko= -0.07-0.24xFSI +0.06xFSI 3
n-2 n=-0.04xSilt/Sand-0.13xClay?*+0.005xBD?-0.17xFSI* -0.03 n-4 n=-0.06-0.31xFSI +0.03xFS| 3
1 Ouprl Owp= -0.43xSilt/Sand+0.38xClay?+0.03xBD3 Owp-3 Owp= -0.27xSilt/Sand+0.28xClay?+0.04xBD3+0.54xCEC*
Ki-1 Ki= -0.35xSilt/Sand+0.11xClay?+0.35xBD? Ki-3 Ki= -0.4xSilt/Sand+0.14xClay?+0.34xBD?-0.15xCEC*
Ko-1 Ko= -0.14xSilt/Sand+0.06xClay?-0.08xBD? Ko-3 Ko= -0.06xSilt/Sand+0.01xClay?-0.08xBD3+0.3xCEC*
n-1 n=-0.14xSilt/Sand+0.18xClay?+0.26xBD? n-3 n=-0.16xSilt/Sand+0.19xClay?+0.25xBD3-0.07xCEC*
Oup-2 Ouwp= -0.42xSilt/Sand+0.38xClay?+0.03xBD3+0.2xFSI* Owp-4 Owp= 0.06xFSI3+0.12xFSI>+0.02xFSI-0.15
Ki-2 Ki= -0.34xSilt/Sand+0.11xClay?+0.35xBD3+0.13xFSI* Ki-4 Ki= 0.21xFSI3-0.05xFSI2-0.32xFS1-0.05
Ko-2 Ko= -0.14xSilt/Sand+0.07xClay?-0.08xBD3+0.1xFS|* Ko-4 Ko= -0.03xFSI3-0.18xFSI%+0.26xFSI+0.19
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n-2 n=-0.13xSilt/Sand+0.18xClay?+0.26xBD3+0.14xFSI* n-4 n= 0.19xFSI%-0.08xFSI2-0.24xFSI-0.01
2 Ol Owp= -0.49xSilt/Sand+0.28xClay?+0.01xBD? Owp-3 Owp= -0.2xSilt/Sand+0.02xClay?+0.1xBD3+0.8xCEC*+0.17
Ki-1 Ki= -0.28xSilt/Sand+0.27xBD%+0.19 Ki-3 Ki= -0.3xSilt/Sand+0.02xClay?+0.27xBD3-0.05xCEC*+0.18
Ko-1 Ko= -0.16xSilt/Sand+0.11xClay?-0.14xBD?-0.07 Ko-3 Ko= 0.07xSilt/Sand-0.09xClay?-0.07xBD?3+0.62xCEC*+0.07
n-1 n= -0.1xSilt/Sand+0.25x Clay?+0.16xBD3+0.12 n-3 n=-0.05xSilt/Sand+0.21xClay?+0.17xBD3+0.12xCEC*+0.14
Owp-2 Ouwp= -0.5xSilt/Sand+0.33xClay?+0.18xFS1-0.02 Owp-4 Owp= 0.12xFSI3+0.16xFSI%-0.28xFSI-0.14
Ki-2 Ki= -0.29xSilt/Sand+0.06xClay?+0.27xBD?*+0.19xFSI*+0.16 Ki-4 Ki= 0.25xFSI3-0.19xFSI2-0.27xFSI+0.23
Ko-2 Ko= -0.18xSilt/Sand+0.17xClay?-0.15xBD?%+0.24xFSI*-0.09 Ko-4 Ko= -0.24xFSI3+0.09xFSI*+0.67xFSI+0.05
n-2 n= -0.12xSilt/Sand+0.36xClay?+0.15x BD*+0.38xFSI*+0.07 n-4 n= 0.03xFSI3+0.02xFSI2+0.21xFSI+0.11
3 Owp-l Owp= -0.05xSilt/Sand+0.45xClay?+0.04xBD?3-0.17 Owp-3 Ouwp= -0.06xSilt/Sand+0.25xClay*+0.02xBD3+0.42xCEC*-0.16
Ki-1 Ki= -0.5xSilt/Sand-0.13xClay?+0.08xBD?-0.31 Ki-3 Ki= -0.5xSilt/Sand-0.04xClay?+0.09xBD3-0.19xCEC*-0.31
Ko-1 Ko= -0.11xSilt/Sand+0.19xClay?-0.21xBD?-0.14 Ko-3 Ko= -0.11xSilt/Sand-0.24xBD?%+0.39xCEC*-0.14
n-1 n=-0.4xSilt/Sand-0.09xClay?-0.05xBD3-0.4 n-3 n=-0.4xSilt/Sand-0.1xClay?-0.05xBD*+0.02xCEC*-0.4
Owp-2 Ouwp= -0.05xSilt/Sand+0.48xClay?+0.03xBD3+0.23xFSI*-0.15 Owp-4 Ouwp= -0.13xFSI3+0.07xFSI?+0.42xFSI-0.31
Ki-2 Ki= -0.5xSilt/Sand-0.11xClay?+0.07xBD3+0.11xFSI*-0.3 Ki-4 Ki= 0.02xFSI3-0.09xFSI?+0.11xFSI-0.2
Ko-2 Ko= -0.1xSilt/Sand+0.2xClay?-0.22xBD3+0.11xFSI*-0.13 Ko-4 Ko= 0.18xFSI3-0.09xFSI?-0.26xFSI-0.1
n-2 n=-0.4xSilt/Sand-0.08xClay?-0.05xBD3+0.03xFS|*-0.4 n-4 n= 0.2xFSI%-0.07xFSI?-0.36xFSI-0.36
4 Ol Owp= -0.04xSilt/Sand+0.77xClay*+0.23xBD3+0.04 Owp-3 Ouwp= 0.04xSilt/Sand+0.7xClay?+0.2xBD3+0.36xCEC*-0.04
Ki-1 Ki= -0.3xSilt/Sand+0.18xClay?+0.56xBD3-0.3 Ki-3 Ki= -0.34xSilt/Sand+0.22xClay?+0.58xBD?-0.18xCEC*-0.25
Ko-1 Ko=-0.11x Silt/Sand +0.09x Clay? +0.013x BD3+0.06 Ko-3 Ko=-0.12x Silt/Sand +0.09x Clay?+0.02x BD® -0.04x CEC* +0.08
n-1 n=-0.22xSilt/Sand-0.11xClay?+0.38xBD?-0.35 n-3 n=-0.26xSilt/Sand-0.07xClay?+0.4xBD?3-0.22xCEC*-0.29
Owp-2 Ouwp= -0.01xSilt/Sand+0.69xClay*+0.24xBD3+0.22xFSI*+0.03 Owp-4 Ouwp= -0.46xFSI3-0.12xFSI*+1.48xFSI-0.04
Ki-2 Ki= -0.32xSilt/Sand+0.24xClay?+0.56xBD?-0.16xFSI*-0.28 Ki-4 Ki= 0.04xFSI3-0.17xFSI2-0.15xFSI-0.22
Ko-2 Ko= -0.14x Silt/Sand +0.16x Clay? +0.01x BD -0.2xFSI*+0.08 Ko-4 Ko=0.298x FSI3-0.22x FSI>-0.73x FSI +0.14
n-2 n=-0.26xSilt/Sand+0.01xClay?+0.37xBD?-0.35xFS|*-0.32 n-4 n= 0.39xFSI%-0.2xFSI?-1.18xFSI-0.21
5  Ow-l Owp= 0.19xSilt/Sand+0.4xClay?-0.06xBD? Owp-3 Ouwp= 0.14xSilt/Sand+0.35xClay?+0.27xCEC*-0.03
Ki-1 Ki= -0.2xSilt/Sand+0.05xClay?-0.11xBD? Ki-3 Ki= -0.24xSilt/Sand-0.03xClay?-0.09xBD3+0.21xCEC*
Ko-1 Ko= 0.14xSilt/Sand-0.09xClay?+0.17xBD? Ko-3 Ko= 0.16xSilt/Sand-0.03xClay?+0.15xBD?-0.14xCEC*
n-1 n=-0.01xSilt/Sand-0.06xClay?-0.11xBD? n-3 n=-0.04xSilt/Sand-0.14xClay?-0.09xBD3+0.21xCEC*
Owp-2 Owp= 0.16xSilt/Sand+0.4xClay?-0.07xBD3+0.15xFSI* Owp-4 Ouwp= 0.07xFSI%-0.14xFSI?-0.10xFSI+0.14
Ki-2 Ki= -0.21xSilt/Sand+0.05xClay?-0.12xBD%*+0.08xFSI* Ki-4 Ki= 0.09xFSI°+0.01xFSI?-0.25xFSI-0.01
Ko-2 Ko= 0.11xSilt/Sand-0.09xClay?+0.15xBD3+0.17xFSI* Ko-4 Ko=-0.01xFSI3-0.11xFSI%+0.24xFSI+0.11
n-2 n=-0.04xSilt/Sand-0.06xClay?-0.12xBD3+0.2xFSI* n-4 n= 0.09xFSI3+0.01xFSI2-0.09xFSI|
6 Owp-l Owp= 0.14xSilt/Sand+0.15xClay?+0.04xBD? Owp-3 Ouwp= 0.15xSilt/Sand+0.01xClay?+0.13xBD3+0.58xCEC*
Ki-1 Ki= -0.06xSilt/Sand+0.06xClay?-0.17xBD3 Ki-3 Ki= -0.05xSilt/Sand+0.08xClay?-0.18xBD?-0.08xCEC*
Ko-1 Ko= -0.03xSilt/Sand-0.09xClay?+0.32xBD? Ko-3 Ko= -0.04xSilt/Sand-0.10xClay?+0.33xBD3+0.04xCEC*
n-1 n= -0.13xSilt/Sand+0.15xClay?-0.4xBD3 n-3 n=-0.12xSilt/Sand+0.16xClay?-0.41xBD3-0.05xCEC*
Owp-2 Owp= 0.18xSilt/Sand+0.09xClay?-0.01xBD3+0.42xFSI* Owp-4 Ouwp= 0.04xFSI3-0.08xFSI?+0.32xFSI+0.09
Ki-2 Ki= -0.04xSilt/Sand+0.09xClay?-0.14xBD3-0.22xFSI* Ki-4 Ki= 0.21xFSI3-0.13xFSI2-0.87xFSI+0.14
Ko-2 Ko= -0.03xSilt/Sand-0.09xClay?+0.33xBD?-0.01xFSI* Ko-4 Ko= 0.10xFSI3-0.05xFSI2-0.29xFSI+0.06
n-2 n=-0.11xSilt/Sand+0.19xClay?-0.37xBD?-0.3xFSI* n-4 n=0.11xFSI3-0.13xFSI%-0.67xFSI+0.14
7 Owp-l Ouwp= -0.27xSilt/Sand+0.34xClay*+0.08xBD3+0.11 Owp-3 Oup= -0.26xSilt/Sand+0.27xClay?+0.18xBD3+0.22xCEC*+0.06
Ki-1 Ki=-0.22x Silt/Sand +0.20x Clay? +0.78x BD?-0.10 Kis Ki= -0.22x Silt/Sand +0.22x Clay?+0.76x BD®-0.06x CEC* -0.09
Ko-1 Ko= 0.20x Silt/Sand -0.15x Clay? +0.32x BD® +0.20 Ko-3 Ko=0.21x Silt/Sand -0.2x Clay?+0.40x BD® +0.18x CEC* +0.16
n-1 n=-0.19xSilt/Sand+0.06xClay?-0.05xBD?-0.20 n-3 n=-0.19xSilt/Sand+0.11xClay?-0.12xBD?3-0.15xCEC*-0.25
Owp-2 Ouwp= -0.26xSilt/Sand+0.32xClay*+0.08xBD3+0.21xFSI*+0.09 Owp-4 Ouwp= 0.20xFSI3+0.18xFSI?-0.44xFSI-0.10
Ki-2 Ki=-0.23x Silt/Sand +0.25x Clay?+0.80x BD®-0.50x FSI* -0.064 Ki-4 Ki=-0.17x FSI®-0.04x FSI?+0.06x FSI +0.09
Ko-2 Ko= 0.2x Silt/Sand -0.13x Clay?+0.33x BD® -0.15x FSI*+0.21 Ko-4 Ko=-0.002x FSI*+0.05x FSI?-0.16x FSI +0.15
n-2 n= -0.2xSilt/Sand+0.09xClay?-0.04xBD3-0.27xFSI*-0.26 n-4 n=-0.02xFSI®-0.12xFSI?-0.17xFSI-0.11
8 Oup-l Owp= -0.39x Silt/Sand +0.45x Clay?+0.09x BD® 0ur3 04 Bup= -0.37 Silt/Sand +0.34x Clay*+0.20x BD® +0.27 CEC* -
Ki-1 Ki= -0.08xSilt/Sand+0.11xClay?+0.72xBD? Ki-3 Ki= -0.1xSilt/Sand+0.15xClay?+0.68xBD3-0.1xCEC*+0.01
Ko-1 Ko= -0.06xSilt/Sand+0.11xClay?+0.41xBD3 Ko-3 Ko= -0.03xSilt/Sand-0.01xClay?+0.52xBD%+0.27xCEC*-0.04
n-1 n=0.18x Silt/Sand -0.29x Clay?-0.19x BD? n-3 n= 0.15x Silt/Sand -0.17x Clay*-0.30x BD® -0.28x CEC* +0.04
Owp-2 Owp= -0.36x Silt/Sand +0.40x Clay?+0.08x BD? +0.32x FSI* Owp-4 Ouwp= 0.23x FSI 3+0.07x FSI 2-0.32x FSI -0.32
Ki-2 Ki= -0.14xSilt/Sand+0.19xClay?+0.74xBD3-0.48xFSI* Ki-4 Ki=-0.17xFSI3-0.05xFSI%+0.05xFSI+0.1
Ko-2 Ko= -0.06xSilt/Sand+0.12xClay?+0.41xBD?3-0.03xFSI* Ko-4 Ko=-0.02xFSI3+0.04xFSI*+0.03xFSI-0.03
n-2 n=0.14x Silt/Sand -0.23x Clay?-0.17x BD®-0.37x FSI* n-4 n=0.01x FSI®-0.14x FSI?-0.40x FSI +0.14
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